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(54) Title: LOW THERMAL CONDUCTIVITY IN-MOLD LABEL FILMS 
(57) Abstract 

The invention is an in-mold label film comprising at least two 
layers with one layer being a heat seal layer ( 12) for Ending me film 
' to a polymer substrate wherein the film has a ther^l conductivity 
, of less than about 1.250 x 10-4 k-cal/scc cm "C. The invention 
further includes a process for in-mold labeling comprising the steps 
of forming a label comprising at least two layers with one layer 
1 being a heat seal layer ( 1 2) for bonding the film to a plastic substrate 
wherein the film has a thermal conductivity of less than about 1.250 
x 10-4 k-cal/sec cm °C inserting the label into a mold for producuig 
the plastic substrate with an inside and outside surface thereafter 
forming a plastic substrate in the mold with sufficient heat wherein 
the outside surface of the substrate bonds with the heat seal layer 
(12) of the label. 
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Title: 



LOW THERMAL CONDUCTIVITY IN-MOLD LABEL FILMS 



iMrnRPORATIO " BY RFFERENCE 
The following patents are herein incorporated by reference: U.S. Patent 
Nos. 4,713,273; 5,186,782 and 5,435,963. 

n^rr-°"" Mn " p the invention 

Cj«.I H nf the Invention 

The invention is en in-mold lebel film with low thermel conduobvrty. The 
invention is further the use of these in-moid H films in both lerge eree lebe. 
applicetions. end to decreeee the mo!d residence time for in-mo,d processes 
The invention still further is the processes for the manufecture of these rn-mold 
films and labels. 



^"TH" Review -h.it. 

tt hes been known for e number of years to menufacture and drstnbute 
poiymer films for the use es facestock in .ebe.s. When a plestio container such 
as a polyethylene squeeze bottle is used to package a product such as a ha,r 

shampoo, a package usin 9 a polymeric ..be. is g » more appeaang «o 

consumers than a package using a paper .abe.. .n many app.ications the use of 
p.,ym.nc ,eb..s is required for reesons of eppeerence. hend.ing. performance, 
.noisture-resistsnce. conformebHity. durabi.i«y end compatibility wrft the 

container to be labeled. 

,n-mo.d l,be..ing hes significent advantages over methods common.y used 
,„ *e pest ,o .abe. p.estic conteiners with P o,ymeric ,ebe,s. The most common 
of these previous methods invo.ve the use of .iner-cerried pressure sensmve 
adhesive ,abe.s. o, .iner carried heat activatebie adhesive ,abe.s. To produce the 
,iner carried labels, a laminating step is performed to sendwich a layer of 
adhesive between a web of label stock and a web of silicone-coated paper 
which is ,o function es e carrier or releese liner, the .abe, stock is printed, the 
,„k is dried by heeting e, ments or umaviCe, radiation, separate ■** «• «» 
from ft label stock by passing the combinetion through e rotary-d,e or f let-bed 
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labels s,r,pped and discarded or recyded. Whe, remaps is a succession o 
■nd,v,dua, ,abe,s re,easab,y carried on ,he reiaase ,i„er. Use o, , TI ! 
methods resorts in high costs due ,o the ose of a releJ 
ecCogical duties in disposin 9 of the iiner and 1 ^ " 
In contrast. in-mo.d lebeling avoids the use o. any release iinar or carrier 
Dunn, ^ la be,,ing w H h po,ymeric ,abe,s. se. f -supported or free Z 
polymeric ,abe, s,oc k is combined with hea,-ac, 1 va,.b,e adhere pled 
md ™~ *>< ^-.n, as by be in 9 magatJl " 
ser.es o, steck of ,iner,ess iabeis. or by other means. The polymeric iabels 

onto successrve ho, piasdc subsumes or containers. The biow mo,ded peris™ 

col-:: hea, - M,iVa,abla - - "-wn plasue substrate or 

Despite m. advameges of in-mo,d ,ebelin 9 over liner-carried ,abe,,in 9 the 
commerce y successful accomplishment o, in-m„,d labelling whh ^ 
abels has been inhibited by a problem the, was no, encountered vl ei,he 
ner-car™, labelling w„h polymeric labels or ,n-mo,d labeling using ^ 
lebe s. Th,s problem was *. unaccep«b,e ,ua,i,y of ,he bond he Jeen Z 
P.es„c subsue,. or con,ainer end «he label film, and fu «her diZfce 

xpenencedmlargeareelabelapplica.ionsinvolvingunaccep.b.ablis.eringand 
peeling of these label films. 



SUMMARV np T Hp | NVPMT i nN 
The present invention overcomes the problem discussed above The 
■overmen contemplate, an in-mo,d label «,m comprising a, leas, two .ayers with 
one ,ayer bein 9 a hee, sea, layer for bonding the film to e polymer subsZ 
Who™ the film has a thermal conductivity of lass than about ,.250* J " 
ca, sec cm -C The present invention further inOud s a process for in mo d 
labelmg 0 mpnsing * st ps o, fornting a label uprising a, I est ,wo ley rs 
w«h one layer b ing a hee, see, ,ay r for bonding » « lm to . plastjc 
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wherein the film has a thermal conductivity of . ss than about 1.250 x 10 
K-cal/sec cm °C inserting the label into a mo.d for producing the plastic 
substrate with an inside and outaida surface thereafter forming a plastic 
substrate in the mold with sufficient heat wherein the outside surface of the 
substrate bonds with the heat seal layer of the label. 

g qiCF nFRCRIPTIOM OF THE nRAWINGS 
Figure 1 is one illustration of a film facastock embodying the invention. 

Figura 2 is a sketch illustrating the steps of coextruding. hot-stretching and 
annealing used in the method of the invention. 

QFj ap fh nFSCP 'QTinM nF THF INVENTION 
The present invention is an in-mold laba. film comprising at leas, two 
, aV ers with one layer being a hea, sea, layer for bonding the film to a polymer 
substrate wherein the film has a thermal conductivity of ,ess than about 1 .250 
» 10- k-ca./sac cm °C. Prafarably. the thermal conductivity of the Mm ,s less 
than about 1.200 x 10- k-Celf.ec cm °C. still preferably the thermal 
oonductivity of ,he film is ,aas than about 1.108 x 10- k-Ca,sec cm more 
preferably the thermal conductive of the film is lass than about 1 .000 x 
K-Ca,/sec cm °C. still more preferably the thermal conductivity of the film ,s less 
than about 0.913 x 10- k-Ca./sec cm °C. and most preferably tha thermal 
conductivity of tha film is leas than about 0.825 x 10- k-Cal/sec cm -C. 

The film of the prasant invention contains two or more layers. For 
purposes of this application a two layer film contains a base layer and a heat 
seal layer, and a film with three or more layers contains a print skin layer, a hat 
seal layar and a core which is made of ona or more layers. Preferably, the f,lm 
contains thrae layers. Prafarably. in eithar ease, however, the base layer or the 
core acts as an insulating layer. More preferably, the insulating layer.s. ,s 

30 adjacent to the heat seal layer. 

The heat seal lay r is a layer which is activated by heat to allow the label 
to bond to a plastic substrate. Materials for the heat seal layer for in-mo.ds laba. 
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nCude bu, are no, , imite d ,„ the ro „„wing film . 

n sue 8S po , yetnylene . meta „ ocene ™ ' 

nd,o t ac„c pecans, syndiotactic polypropylena , cyc||c ^ * 
P-y-hvhn. me,hy, acry„c acid, po,ye,h y ,ene e«h y , acr y ,a,e. po J, 2' 
™hv aetata. a^ Wt butodiene ^ poJ^S 
a.co ho , polyethylene vjny| acetate nyion J *ene v.ny, 

poyurath.na. po , y su„one. polyvjny|idene chiorid ~- 
PO,y arbonate, pofymethy, p. nten e. serene ma,eic anhydride po, y mer ^n. 

P*V.cry on™,, and ,hermop,as,ic poiyesters. Pre,.,ab, y . PE „ J d ~ £ 
hear sea,, mora pre,erab ly , a b,end o, PE and EVA, and mos , pre»erab, y a bl end 
o. PE and EVA wrth specie, an«b,ock and antistatic add itlV ea. Aiso. 

glass spheres, ceramic partides etc I Thi* I. ■ ^ 

,,„„., . S ' etc | 11118 la ver else has an antistatic additive 

(such as an am.ne or an amide or a derivative of a fat* acid) 

The hea, sea. la V ar is designed for and activated a, temperatures known 

to those ski,,ed in th. art. Whiie the hea, ayer ma y active J" 

amparatures beiow those specified for activation, the hea, see, iayar 
da ,gned to activate a, certain temperatures based on ,he substiate materia 
under norma, in-mo,d ,abe„ng conditions. Preferabiy. ma hea, seT^e 
activates a, temperatures between abou, 57 » C ,o abou, ,00-C, mo7e 

7 71 heat Sei " ' aVer aC * Va,eS 8 « -™es between abou, 57-C o 
abou, 8CC. and most preferab|y , ha ^ activares C« 

between about 57°C ,o about 70»C. 

Pr.ferab, y . *a in-mo,d „be, has a skin or prin, „ y .r. The skin or prin, 
*yer ,s dave,oped for its appeerance and printing characeristics. M „. ria , fo 
he sk,n or prin, ,ayer for ,n-mo,d ,abe,s inCude bu, are no, ,imfted ,o ,he 
fotow,ng ,„m forming.. m ^ used ^ „ ^ 

PO,y.my,.ne, ma,a„ocen. ca,a,y 2 ed po,yo,efins. syndio,actic 
syndetic po,yp,opy,ene, cyCic po,yo,e,ins. po,ye«hy,en methy, acry,ic acid' 
Polyethy, n e,hy,acry,a,e,po,yethy,eneme,hy,acry,a,e,acry,oniLab Z a 
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styrene po.ymer. po.ye.hy.ene viny. alcohol, polyethylene viny. acetate ny on. 
^yputy-e. polystyrene. po.yure.hane. po.ysu.fone. pCyvinyli one chjoride 
po.yp.opy.ene. po.ycarbonate. pOymethy, pen.ene. styrene ma.e.c enhydnde 
po.yl .tyr.ne acry,on.,ri,e pCymer. ionomers besed on sod.um or z,no se.te 

eti,y.ene/me,hacry,ic acid, polymethy. methacrylates, oe u os, . 
^otoplasties, polyacrylonnriles. and thermoplestic po,y.s,ers. ^ 
po.ypropy.ene is used in the skin .oyer ,or layers, and more preferably a mature 
of ethylene vinyl aoetate/polypropylene is used. 

"n order to achieve the .ow dterme. conduc.ivi.ys described above 
p,e,erab.y the film is voided. Voided films oan be produced by *e use o 
blowing e 8 en«s in .he po,ymer ...m me,eri„s. or by the onentabon o, en 
Intpatibl two phase system. More pr.fereu,y. the ...m is produced ^ 
orientation o, an incompatib.e two phese system. Oriented incompa .b,e «wo 
phase systems oan either be uniexie,.y oriented or biaxia.,y onented. Most 
oreferablv, the film is uniaxially oriented. 

wL eech o. the .eyers o, the film including .he skins mey contarn vo,d, 
preferably, .he skin .oyer and/or the heat sea. .eyers contain essentially no 
oids. Essentia,* no voids preterm means the, th. skin .eyers contain 
,„en ebou. 10% by vo,ume o. voids, end more pre.erab,y .ess .hen ebou. 3% 
Z vo.ume of voids. Preferab.y. one of the .ayers of the core con.a,ns vo,ds. and 
more preferably the entire core contains voids. 

The section of materials for the skin layer, heet sea. .ayer. bese 
end those .ayers of the core containing essentially no voids is dependent on the 
e^icetion o, the film. The se,ec.ion o, materia, for the voided .oyer or ay rs 

is further dependen. on .he void initieting perticie or ph e.ena.s and on the 

orocess conditions necessary for creeling the vords. 

' L mentioned ebove. .he core or base .ayers are preferab,y insulabng. 
The insu.at.ng characteristics can be brought about by either using , _ s 
„„„ en inherently low .herme. conductive o, by voiding She .ayer.s, of .he core 
or base. Preferably .he cor. or base contain voided layers. 

Ma , ria.sfor,h void d layer (or layers, end .hose essen..a..y non-vo,ded 

,ey ,s in th core or the bese layer inCude but are no, limited .o me,«ab.e 
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anhydrJpo y™ ^ 7 ' P °' Vmethy ' ^ «" * 
*nc Mto o, e hy wJ Z Tr PO ' Vmer - "* baM<i °" ~»» - 

~ ata , p PE ; ^rr^rr^^-'-^ 

ca^rud™ of mrCZT C0eXUUSlOn Pr0 " SS - ^ ~ M - 

*. =o a «, uaa « a , aya yp i ir r or co8x,n,sion *• and in *• — °' 
-* layar ,„ , ayars j no ° r rr a,s ° f * e core and - 

-n^:r:; a zii;r e r ,ayer ,or ^ — - - 

service temperatures abov room temn - ♦ Processing, or r 

- - ann a , ad „ pr vlde jzz ~::r P r is r hea * 

— a. an V d istortion of the ^ Pn , ^ « 
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about 7 mi.s More pre,er,b,y. the flm thickness is from about 3 mi. to about 
7 I M r preterabiv. the .iim thicKness is .torn ebou, 4 mi, to about a m„. 

"or purposes o, .his invention, the preferabie incompa*,e two phase 
systems for voiding can be either uniaxial or biaxiaiiy oriented. For purposes 
^specification, uniaxia, orientation means the «,m is oriented substant, V 
„ 2 leuon o, orientaoon and to a ieaser degree in tne reietiveiv unonen ted 

Tirtln This preterabiv ««« - * *° °' ie " ted ~" 

direction for extruded « is greater than about ,0 Gude, and , 
in the unoriented direcdon (cross direction .or extruded films, ,s 

Ha sdfmess in the unorianfed direction is iasa than about 0.6 trmes the 
ITT* e oriented direcdon. more preferabiv -ess then about O.S „mes. 

• mrtCt „ re ferablv less than about 0.4 times. 
^ To? Tcolpetihie two phase svstem, the void inidadng par.Ce or 

La preferabie materia, is ceramic spheres; and the most preferebfc matena 
T liurn carbonate. The prefetred mean pertiOe size o, the vo,d rnmahng 
u •. from about 0 1 to about 1 1n- The more preferred mean 

is from about 1 to about 3j/. 

The void initiating perdc.es can be of moat any shape, i.e. spheric* 
„on-spher,ca,. Exampies of non-spherica, shapes o, the void inihatmg partes 
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rr 9 ;: ;:;: , :r : ,o ; oiou,ar ,naed - •* 

lapproxrmatelv e<,u,dimens,ona, bo, of irregular shapo) ^ t=Z 
symmetry), nodular f M « M _. . 'regular (lacking any 

Th. S^Z Z e H ' rre9U,ar ShaPeK ""^ - h8mi ^'- 
shape is co2 ' S n ° n -" ^ ™» P-* 

— iirr^nr cost ,ii,er ma,aria,s such - — 

Preferably. the void initiBtjng part|c(es ^ * °~ ° ~,e ,„ , h a fllm . 
than about 30 weicht De ,,on, * . ° amount greater 

than about 3S waigh, parent " am0U ' ,, flreattr 

Pt.fereb ( y. the ^tS^-nir ,0 — — • — 

- r r iaht PWC :: of r:;:r~::zr — 

«aie me matrix configuration. The term "strata" ic ^ ^ 

convey the understanding that there ar„ » . ^ t0 

ng tnat there are a large number of voids creatine 
matrix and the voids are oriented so that *k • 9 6 

Particle, the particle may contribute little else to the system Thi. 

3 enwa,,h a same or greater than tha, of the polymer matrix 
A epical void in ft. « (m laver pre( 

d.mension in the oriented directional ix h™ „ 1 
endXandYdi m . , "•"WW 'X d,men S ,on for uniaxially oriented films, 
and x and y drmensrons for biaxial,, orient 6.mst witn the mlnor dlniensian(s 

zz: °zT or cross d,rec,ion ,y dimensi ° n ,of o«~c 

m the Z d,mens,on wh ich corresponds to film or .ay r thickness 
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„ is preferable that th orientation conditions be such that the void is 
initiated and that the gen ra. integrity o. the voids through growth is 
maintained. By this it is meant the, during orientation which produces the X 
dimension, the temperature conditions must be such as ,o permit th,s 
dim.nsion.sl to form with little or no any destruction of the voids in any of the.r 
dimensions. This has the Mowing benefits. Closed cells tend «o be a vacuum 
with little or no conductive gases which tend to give the cell this vacuum effect 
which enhances therma. conductivity. Further, closed cells reduce the water 
and/or oxygen transmission across the film. Preferably the majority of voids are 
closed cells without essentially any destruction of those voids considered to be 
closed cells. Still preferably, greater then about 60 percent of the voids ere 
Cosed cells. More preferably, greater than about 70 percent of the voids are 
closed cells, am more preferably, greater than about 80 percent of the voKls 
are closed cells. Most preferably, greater than about 90 percent of the voids are 

closed cells. . 

As referred to above, the matrix polymer, copolymer or blends ther of 
end the void inflating particle or phase must be incompatible. This term is used 
in the sense the, the materials are two distinct phases. The void ■nitrating 
particles or phese constitute e dispersed phase throughout a matrix wh.cn ,s 
preferably a lower melting material. The material upon orientation will become 
void filled with the void initiating particles positioned somewhere in the vord. 

As e result of the voiding of the films structure described herem. ,n 
addition to the increesed thermal conductivity, th. orientation and voids 
improves other physical properties of the composite layers such as opacrty. 
crackresistance, tear length, elongation, tensile strength and impact strength. 
When the voided film leyer is combined with surface o, skin leyers, the resulting 
film cen have a smooth high quality appearance with unexpectedly improved 
therme. conductivity, end water vapor transmission and/or low oxygen 
transmission rate characteristics. This makes the film ideally suited for m-mold 

labeling. . ... 

,„ one of the pref rred embodiments, th film 10 shown ,n F.gur. 1 ,s a 

coextrusion consisting of a core 16. a heat sea, layer 12 and a skin layer 14. 
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The c ha . for th severa , , ayars prepare(j fM extrusjon 

mulbfeed coextrusion die 1 8 as illustrated in Figure 2. 

In this embodiment, the ho, stretching is performed a, a temperature 
egue to or above the softening tampered of the film and prolyl 
onentabon. During ho, s,re,ohing ,he extrusion or ooex,rusion die is pre era ,y 
mamtained between from ahou, ,90-c ,o about 2 , 5 o c . a „ d more 'J£Z 
e =hou, aosoc. The ex,ruded film is cas, on,o a casting ro„ 21 wfT 
preferably maintained between from abou, 20°C ,o about 50-C and mo . 
preferably a, abou, 38-C. and is provided wi,h an air tnife 19 The f m 
con„nues around the oas, in g rol, 2, and then passes ,o the ch i„ J, 

a. about 38 C. The f„m continues around the chi., ,o». trains through ,he ro,.s 
24. nd enters ,he uniaxial (o r machine, direction orientation unit MD0 , 25 
The f „m ,s preferably moved a, a rate of between from abou, 8 ,o abou, , 3 !fee, 
per m,„u,e pas, a„ ,hese ro„s. and more preferably a, abou, 8 fee, per minute. 

Brecon. The „.m ,s passed around a firs, pre-hea, rod 26 and then around e 
second pre-hea, rol, 28. Bo,h o, these rolls are maintain* a, between from 
about 90°C ,o abou, 1 20-C. and more preferably a, abou, ,07.0. Z a, Z 
pom, the «m continues ,o move a, baleen from abou, 8 to abou, 1 3 fee p 
m,nu,e end more preferably a, abou, 8 fee, par minute. After leaving L 
second pre-hea, ro„ the fi,m tracks on the slow drew rol, 3, sti„ pr.f er ab,y 

ZZf om about 8 to about 13 ,m p « — - - 

preferabiy moving a, abou, 8 fee, per minute. The film is man puUad to the fas, 
draw roH 32 which preferebfy advances the stoc* a, the rate o, between from 
abou, 56 to abou, 9, par minuu. and more preferably a, abou, 56 fae Z 

sZc'hel ?■!: ,h ' S Par,iCU '" Pr9,erred emb0di ™ nt d ™« b °* - «'"< 'a 
atte chad sevenfold and Is drawn down prafarably to about 20% o, rts original 

. m,cxness. Stretch raoosare preferably from abou, 4u.to*,ou, ,0:,. m d 1* 
preferably are from abou, 5: 1 to about 7:1. " 

in this particular embodimant. the film continues on rts way pref rably a, 
e rate between from abou, 56 to abou, 9, ,.a, per minu,a. and more preferably 
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a, a ra,e of about 56 feat par minute. As it .eeves the puH-roll pair 31 . 32. th 
stretched film is subject to severe shrinkage if it is heated white under little or 
no mechanical constrain,. The polymer film is said to have a • memory" of rts 
origins, length to which it tends to return when heated. The film is cured or 
annealed to remove this tendency by applying heat to the tensioned film at the 
annealing roll 36 which in this embodiment is preferably maintained between 
from about 1 1B»C to about 140'C. and more preferably s, abou, 12B-C. The 
fihn then passes directly to the chill rol. 38. The ro« 38 is preferably maintamed 
at a temperature between from abou. 35»C to about 60-C, and more preferably 
a, abou, 50°C. After leaving ,he chill roll 38 a, ,he completion of ,he ho, 

s,re,ch operation, the film may be taken up If-wound roll 39. The rol. 39 

may be conveniently transported and stored. 

The present invention further includes a process for in-mokj labeling 
comprising the steps of forming a label comprising a, leas, two layers with one 
,ayer being a hea, sea. .ayer for bonding the fi.m to a plastic substrate wharem 
the film has a thermal conductivity of leas than abou, 1 .250 x fCH K-cal/sec cm 
•C as described ebove; inserting the label into a mo.d for producing the plastic 
substrate with a inside and outside surface thereafter forming a p.astic substrate 
in ,he mo.d with sufficient hea, wherein the outside surface of the substrate 
bonds with the heat seal layer of me label. 

The hea, seal layer can b. coated on,o ,he core by conventional coating 
processes or preferably can be coextruded with the film in the form of e h a, 
sea. .ayer. Preferably, the hea, sea, layer is tailored to be hea, sensitive. The film 
m a,eri=. is printed then die or ,a.er cut. The printed and cu, labe, is p.eced ,ns,de 
the mo.d cavity during the molding process for producing a p.astic con,a.ner 
wi,h the adhesive side facing ,he ou«kie surface of ,he ho, plastic container 
As tire plastic is molded, the he., activates or mel« tire adhesive on the label, 
and the label and the plastic container form a permanent bond. 

Whether en in-mold label bonds to a container during the molding process 
withou, any probtems is dependen, upon meny properties of the label matanel. 
One of these key properties is the insulative prop rfies of the .abe, and more 
particularly of ,ha base or core. This becomes more and more important as ,he 
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in-mofd „^s on ,ar g e size con J nors eeeSMrV ' 0r ^ - 
res,dence « TO in tna ^ which |s „ 

upon co„«c, whh the conteiner. This is due ,„ the insulatina ^"'^ 

« m ,„ d ,„ particu)ar core ^ results (n a quicker £ 

neat seal layer by the insulating layer. 

ores. 1" 0rd6r PerS0 " S ** ° rt ^ ^ Unders,and *• P^ctice of ,he 
present ,nven«,on. ,he foHowing Ex,m P ,es Bre pr „ videa by ' ° 

or. may he found in the references end parems cited Herein. wh ich are he ^ 
incorporated by reference. bv 



Example 

Exampla 1-1P 



These exemples ere sampies of film ^ pically usea „, 
•n-rnoid ,ahe,in 9 this ,i, m wouW typica||y be ^ 

aW "*" ^ -* the. process o, fo,^ ^ 
confers. E xam P ,es were „ three layer fllms , 

s k .nswh,hwere P rod U cedhvacoe„ rU s,on P roo ss. One sK is the pi 2 
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and the other sxin e sea, layer for bonding «he label «o me plastic contain r 

during the in-motd process. 

Table . shows the composition o. the core by weigh, percent o< 
components. HPP was a homopolymer polypropylene sold by ^Union Carb.de 
Corporation of Houston. Texas, under the product number 5A97^The 5A97 
product has the following characrerisflcs; e me,, flow index of 3.9 grams/l O 
minu.es; a me.«ing poin, of 162°C ; ,ensi.e strength a, yeld of 5350 ps, 
elongeflon a, ,ensi,e yield o, 8%; and a fiaxura. moduius .1% 
230 000 psi. The RnCopp was a random copoiymer polypropylene was sold by 
Union Carbide Corporation of Houston, Texas, under the product name 6D20. 
The 6D20 random copolymer polypropylene has ,he following cherac,er.s„cs: 
a me., flow o, , .6-2.2 gramsno minutes; a density o, 0.890 grams/cc; a ,ens„e 

Z —** - 3600 " si; a yie,d e,ongation of 14%; a . T 

angent, ol 1 30.000 psi; a vice, softening temperature of 1 34-C; and a memng 
temperature of 1*7-0. The CaC03 is a concentrate of thevoid initiate parade 
and HPP with ,he following characteristics; the composition is polypropylene 
wfm 40 weigh, percent calcium carbonate miner., finer; me materia I has a ™K 
index of 3.0 minimum to 6.0 maximum (ASTM D1 238); ash of 40.0 + 1-2 0%. 
„o,ad,es of 500 ppm max, and a bul* densKy of 730 + /-50 g/, The « - 
carbonate concentration is sold by A. Schulman. Inc. o, Akron. Oh,o under .h 
produc, name Polybatch PF92D. EVA is ethylene viny, acetate and ,s sold by 
Quantum Chemical Corporation of Cincinnati. Ohio under the product name 
Uluathene UE 631-04. The EVA materia, is a materia, which promotes h.gher 

temperature performance as we,, as adhesion to ety o, subs*ates. 

Ul.rath.ne UE 631-04 contains a stabilizing additive package and can also be 
used in compounded produce where high filler loedings ere required. The EVA 
nrateria. has the following properties; me,, index 2.4 g,10 min, .ensile strength 
a. breex o, 2150 psi; elongeflon e. break o, 710 percent; a 1 % aacam module 
of 5300 pa,; a hardness (shore A) of 87; a ring 8. ball soffen.ng pen, of 174 C, 
and a peak melting point of 86°C. 

The prin. skin layer of the three layer film consist of 50 weight percen, 
E VA <d scribed shovel and 50 weigh, percen, HPP (describ d above) was 
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melted and mixed in a 1 - 1 /4 inch extr,iH„r a „ 

of 24- 1 This pvt w q PP6d Wlth 3 SCr w of a UO ratio 

of 24. 1 . Th,s extruder was manufactured by Davis Standard of PawcatucK CT 

- 

The core of the films of the compositions described above (see eiso Tab,. 
I) was melted end mixed in » 9 i o • u °ve isee also Table 

L/D ratio of 28-1 ^ """"^ et,UiPP<>d Whh * <" a 

crL!: r uder was manu,actured bv o ~* - 

carbonate of the cor. materiel was dried prior ^^,0. 
the, the concentrate materia, contains little or no moisture. 



Table I. 

Composition of the Core 
Weight Percent 



^Eles HPP QD£sm Qs£m ^ 



1 75 

2 50 

3 60 

4 45 

5 30 

6 15 

7 55 

8 25 

?0 £5 ??5 IS 

50 £ 



25 
50 
40 

15 40 
30 40 
45 40 
45 

25 50 



12 25 

13 35 



75 
65 



14 23 -70 

15 18 78 1 

16 78 4 

17 23 11 96 4 

above,^ ' aVer COnSiS,ed °' ^ Wei9ht PerCent EVA «~*" 

above,. 37.5 we, g h, percent low densny polyene; 20 weigh, perc nt o, an 
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antibiock concentrate, end 2.5 weight percent o. en enttstenc concentrete. The 
Z density po.vethy.ene was manufactured hv Hexene Products o, Da as XX 
u „der,heproduc,na m eLDPo l ve,h v >ene P E10 l 7.The l owdens,tvPolve.h y lene 

nlri.1 hes good impact strength, heet see, end foaming characteristic. The 
Z Po.vethv.ene PE 10, 7 hes the .Cowing materia, properties .which are besed 
on its product dete sheet,: me,, index o, 2.0 grams/,0 minutes; densrty o 

on ™ p . , • „, , Rno osi- a vicat softening point 

0.930 grams/cc; tensile strength at break of 1 600 psi. 

of 9 4°C; en eiongation a, break o. 500 percent; a secant moduius o 32000 
P L ^^endeshoreDherdneseo,50.Th.entib,ockconcen,retewaeman^ect U .d 

bv A Schu,men ,nc. of Akron. OH under the product neme Po, y ba,ch F-20. The 
PoCbatch F-20 is an antib,ock concentrate containing 20 weigh, percent nature, 
LaTal in ,ow densKy PO,yethy,ene, end is designed for use in po,yethy,ne 
canons. Bo* the par«c,e si,e and the dispersion of ,h,s en,,b,ock neve 
bee optimized ,o offer effective coefficient of friCon ve,ues when used ,n 
„;nln with s,endard e,ip concentretes. The Po,vba,ch F-20 m.«na, ^ 
the .Cowing me,eria, properties .which are besed on i«s technics, deta sheet. 

" index of the cerri in of 9 + ,-4 gremsHO minu.es: me ^index o 

concent of 7 ♦ /-3 grems/10 minutes; ash .percent nature, siUca, of 20 ♦ ,2 
percent- moisture retention <Kar, Fisher @ ,90-C, o, ,000 ppm max,mu m ; and 
~Z Per grem o, 45 ♦ ,-5. The anbstabe concentrete wes a,so , .enufectured 
bv A. Schuiman ,nc. of Akron. OH under the product name Potybatch VLA 
rCybatch VLA SF is a speciahy antistabc concentre,.. The Po,yba,ch VLA SF 
nlria, has ,he Wowing meterie, properties .which ere besed on ,,s technics 
"eat,: me,, index of the concentrate of ,,-,8 grame/,0 minutes; end 
nature retention .Kar. Fiehe, @ ,90-C, o, ,000 ppm meximum. 

The materia* for the heat see, ,eyer were me,ted and mixed ,n e ,-,/4 
inch extruder manufactured by Devis Stenderd of Fewcatuck. CT with a sc^w 

oTa UD ratio o, 24:, . The extruder conteined three temperature zo h,ch 

were meintained at 205.2,0 and 2,6«C respective*. 

The three extruders feed e mu,ti,eyer ,eedb,ock which then feeds e singie 
united coathenger die. Both the feedbiock. die end adapter pieces which 
elected the extruders, feedbiock end die togeth e he,d et e constent 
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cooling the film Th« n 90 knife for *»th.r 

8 fe.t/seeondl and a fas, * . " ' 0 " ,m ° Vm9 th " « ,m « 

- ~ :;: :°: in : * e wm - 56 « - 

wn.cn was epproximete, "^JT"^'^^^ 
-as exuded onto the cLno ro , ! ""^ °' " ,m - * 

«nan cured ,or annat, ad,T S1re,Ched ° riented fllm w " 

eo (or annealed) by epply,n 9 heat to the tensionad film s « e i, „ 

;:;Z e r T 0 annMBn9 ro " - ~ - = -p talX" ; n 

The ,„m wes then paaaed onto e chl„ ,o„ manned at . 

rah,. : : h rr:pZ ed :rr ss from — * 38 - « * 
:r: ot papa, which is an acc - d P r e ::::r r :;~ n9 :: 
r ~ - o- 1: r r rr~ 

measurements range from approximate* 60 to 97 percent a^d * \ ^ 
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Tabl II. 

Physical Measurements of the Films 



Thickness 



PvamnlftS 


(mils) 


•4 
1 


4 70 


2 


4.84 


o 


4.24 


A 
4- 


4.28 


EL 
\J 


4.26 


6 


4.12 


7 


4.70 


8 


4.72 


9 


4.30 


10 


3.84 


11 


4.60 


12 


5.74 


13 


5.30 


14 


4.70 


15 


5.00 


16 


5.30 


17 


4.20 


18 


4.10 



Elongation 






MP 


CD 


18 


83 


18 


55 


20 


70 


20 


280 


22 


290 


23 


210 


20 


68 


21 


85 


21 


270 


20 


280 


22 


400 


18 


86 


19 


79 



Opacity 
i%) 

93.0 
93.2 
88.4 
85.5 
86.7 
82.2 
92.6 
90.6 
81.0 
61.2 
87.0 
96.9 
95.6 
92.0 
94.3 
95.7 
83.7 
84.9 

Table II and 111 show the mechanical properties of the films which are 
indicative of the degree of orientation. The Gurley values for stiffness were 
measure using TAPP. test method T543PM-84 and all normalized for 4 m,l Mm. 
The modulus and tensile strength were measured using ASTM test method 
D882. The elongation, Gurley stiffness, modulus and tensile strength all indicat 
that these sample were uniaxially oriented. Further, the Gurley stiffness of the 
voided films were unexpectedly higher than the Gurley stiffness of s.m.lar 
un voided films. 



SUBSTITUTE SHEET (RULE 26) 



WO 97/30903 



PCT/US97/00965 



18 



Tabl III. 

Physical Measurements of the Rims 



Examples 



Gurlev 


CD 


MD 


27 


101 


24 


91 


36 


121 


37 


115 


35 


110 


38 


109 


30 


106 


29 


98 


33 


106 


34 


92 - 


31 


88 


20 


82 


23 


92 



1 27 10 , r 3 f (x OOOpsO 

2 24 91 It ?!I 2.1 27.4 

3 36 121 II III 21 27.3 

4 37 1,2 89 446 2 5 32.6 

5 35 o 2? 418 29 30-9 

6 11 VrZ ? 2 42 Z 2.6 33.1 



Modulus 


CD 


MD 


(x1000 psi) 


69 


381 


63 


375 


89 


446 


98 


418 


92 


427 


109 


397 


80 


376 


75 


356 


94 


376 


79 


329 


81 


341 


45 


278 


59 


307 



Tensile Rtreng+h 

CD MD 



7 ~~ IU3 397 9 7 -3/1 i 

I 30 106 80 376 \\ fsl 
! 29 98 75 356 |. 28.3 

9 33 106 94 q 7R t\ 303 

10 34 92^ 79 Vol ?" 4 319 

II 31 88 8? If? 24 304 

12 20 82 % IV 8 f 2 27.8 

13 23 <J? =S ? 8 14 19 -3 
23 92 59 307 1.7 22.3 

Table lv shows the thermal conductivity of the irwno.d films of the 
Present mvention, and the therma, conductivity of films currently being used for 
Zr T" 9 ' ^ ^ dem ° nStrated ' the of the present invention 

bZ " d Z 3 Sl9niflC3nt,y ,OW6r ^ those currency 

be,ng use.. The Primax* ,M product described below is currently sold by Avery 
Denn.son Corporation into the in-mo.d market. The Kimdura™ in-mo,d product 
- currently sold by Kimber, y -C,ar k Corporation of Roswe,,, Georgia into the 
m-mo,d market. Measurements for these films were made with a Mode, C-400 
IsZ t C ndlJCtiVitV C6 "' » ^e Internationa, Therma, 

TT P8nV ° f Mar ' CaH,0rnia - ~-- "ere measured 

according to ASTM standard C 1 77-93. 
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Table IV. 





Specimen 




Thickness 2 


FxamDle 1 


(mils) 


1 


6 


2 


5 


3 


4 


3 


4 


7 


4.5 


7 


9 


12 


5.5 


12 


10.4 


13 


5.5 


13 


11.0 



Thermal Conductivity 



K- 

Pal /RRr. cm°C 
1.257 x 10 * 
1.062 x 
0.823 x 
0.825 x 
0.913 x 

1.220 x 

1 .064 x 1 0* 

1.047 x 10-* 

1.124 x 

1.108 x 



10- 4 
10-» 
10~* 
10-* 
10- 4 



10 4 
10- 4 



Comparative Examples 1 9 and 20 



35 



Primax® IM 
Kimdura ™ 



4 
4 



1 .600 x 1 0-* 
1.273 x 10- 4 



K- 

Rtti/ft hr °F 

0.0304 

0.0257 

0.0199 

0.0200 

0.0221 

0.0295 

0.0257 

0.0253 

0.0272 

0.0268 



0.0387 
0.0308 



m teS Two soecimens were measured for each film sample received. 
2) On some spedmens we doubled the thickness in order to .mprove the 
accuracy of temperature difference measurement. 

It is understood that various other modifications will be apparent to and 
can be readily made by those skilled in the art without departing from the scope 
and spirit of the present invention . Accordingly, it is not intended that the scope 
of the claims appended hereto be limited to the description set forth above but 
rather that the claims be construed as encompassing all of the features of 
patentable novelty which reside in the present invention, including all featur s 
which would be treated as equivalents thereof by those skilled in the art to 
which the invention pertains. 
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Claims 

1 • An in-mold label film comprising 

at least two layers with one layer being a heat seal layer for 
bond,ng the film to a polymer substrate; 



wherein the film has a thermal conductivity of less than about 
--/sec cm°C. 

2. The in-mold label film in claim , , „ herejn 
activated between from about 57 to about 100»C 

are JJ" " , " m ° ,d ' abe ' ^ 1 ' *« « — - layers 

...t oL in r::r r/rr in c,aim ' • whwein - fl,m - - - - 

insuJng J" in " m °' d ' abe ' ' ilm ^ * • Wherei " - — — e 

7. A plastic container containing the in-mold label in claim 1 

8. A process for in-mold labeling comprising the steps of 

. h f<>rm ' ng * """" COmp,iSin8 at '»» '.vars with one layer being 

a hea, sea, layer for bonding the film to a plastic substrate wherein the film ha! 
a thermal conductivity of less than about 1.250 k-Cal/sec cm "C- 

whh a 'ft "T" 9 ' abe ' ""° ' m °' d ,<>r Pr ° dUC ' n9 * e «*«— 
with a inside and outside surface; 

hea, wh T° aHe ' '°" T,> " B ' P ' aS,iC SUbS,ra,e ln ,he m ° ld wi * «*■— 
of llabT SUr,BCB °' ^ SUDS,ra,a b ° ndS Wi,h the h "< — "var 

9. The process in claim 8. wherein the hea. seal layer is activated 
between from about 70 to about 100°C. 

than Z; 7m e s PrOCeSS C ' a ' m ^ ~' ** ° VWa " *^ " "» - 
c eJJed. ^ " C<!SS C ' aim 8 ' Wha ' ,ha " — -*» « 
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,aVCr ' 14 . An in-mold labeling film comprising 
a heat seal layer; 

a print layer, and K< , twee n the heat seal layer 

a core comprising an insulating layer between 

and the print layer. Hnim 1 4 wherein the heat seal layer is 

! 5 The in-mold label film in claim 1 4, wn 
abated between from about 70 to about 100-C. ^ ^ ^ 

16 The in-mold label film in claim 14. w 

layM containing a strata of voids ^ of; 

19 . A procass to, at-moW "«*"^ ^ «, e Wm ,o 

,o ^ 9a TZTr. rip-, - — *- 

a plastic substrate, a pnnt layer and a 

,he :r r - — — 

with a inside and outside surface-. ^ suffjc5ent 

„^.r=ri=— - — 



of the label. 
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